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Weights  and  Measures, 


July  21,  1840. 


Read,  and  laid  upon  the  table. 


Treasury  Department,  July  14, 1840, 

Sir  :  I  have  the  honor  to  transmit,  herewith,  a  report  made  to  this  de¬ 
partment  by  Mr.  F.  R.  Hassler,  superintendent  of  the  work  on  standard 
weights  and  measures,  showing  the  progress  made  therein,  and  representing 
that  the  standard  yard  measures,  prepared  for  the  respective  States,  under 
the  joint  resolution  of  Congress  of  the  14th  of  June,  1836,  are  completed  and 
ready  for  delivery. 

AU  which  is  respectfully  submitted  : 

LEVI  WOODBURY, 
Secretary  of  the  Treasury, 


Hon.  R.  M.  T.  Hunter,  " 

Speaker  of  the  House  of  Representatives, 


Washington  City.  July  10,  1840. 

Sir  :  1.  By  the  present  I  have  the  pleasure  to  inform  you  that  a  number  of 
standard  yards  (forty)  have  received  their  final  adjustment  and  comparisoa 
in  this  establishment,  which  will  be  sufficient  to  enable  to  offer  to  each 
State  the  one  decreed  by  the  joint  resolution  of  Congress  of  14th  June, 
1836,  and  at  the  same  time  to  furnish  the  principal  custom-houses  with  this 
most  desirable  part  of  the  standards. 

2.  A  further  number  of  these  yards  are  in  such  progress  as  only  to  need’ 
the  final  verification,  which  will  enable  some  time  next  winter  to  deliver  tho 
whole  of  what  is  needed,  to  complete  entirely  this  part  of  the  system  of  uni¬ 
form  standards. 

3.  I  take  the  liberty  to  suggest  that  this  information  might  be  communi¬ 
cated  to  Congress,  in  order  thereby  to  invite  its  members,  and  particularly’ 
^e  Senators,  to  call  the  attention  of  the  Governors  of  the  States  to  this  sub* 
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ject,  that  these  yards  may  be  called  for,  under  their  orders,  for  their  respec¬ 
tive  States.  Those  for  the  custom-houses  being,  of  course,  directed  to  their 
destination  by  the  Treasury  Department  direct. 

4.  This  might  be  at  the  same  time  an  invitation  to  those  States,  who  have 
not  yet  taken  the  sets  of  standard  weights,  which  are  here  ready  for  them, 
(as  Pennsylvania,  South  Carolina,  Arkansas,  <fec.)  to  induce  the  Governors 
to  give  directions  for  both  yards  and  weights  to  be  safely  conveyed  to  their 
destination. 

5.  The  form  selected  for  these  standards,  as  most  proper  to  secure  their 
safe  preservation,  has  already  been  mentioned  in  my  report  of  1832,  upon 
weight  and  measure  comparisons.  In  a  future  general  report  upon  the 
operations,  principles,  and  works  that  will  have  been  employed  in  the  whole 
of  the  constructions  of  the  uniform  standards  of  weights  and  measures,  a 
mere  detailed  account  will  be  presented  ;  here  is  rather  to  be  presented  only 
that  part  of  it  which  is  necessary  to  guide  the  persons  who  may  have  tlie 
guard  and  use  of  these  standards  at  their  places  of  deposite, 

6.  Each  standard  consists  of  two  parts,  being  brass  bars,  of  which  the  one 
presents  the  yard^  and  the  other  the  matrix^  in  which  the  yard  fits  exactly ; 
they,  therefore,  preserve  one  another  mutually,  and  present  themselves  like 
one  bar.  Both  bars  are  of  equal  thickness,  of  about  ^  inch,  the  same  as  the 
scale  of  82  inches  of  Troughton,  which  forms  the  well  appropriated  original 
of  all  the  length  measures.  The  one  bar  presenting  the  yard  length  is  J,95 
inch  broad  in  its  middle  part,  for  exactly  the  length  of  the  yard.  At  each 
end  of  the  yard  exactly^  this  breadth  is  perpendicularly  diminished  for  0,9 
of  an  inch,  so  that  the  outer  parts  of  each  end,  which  extends  still  2,5  inches 
farther,  is  only  1,05  inch  in  breadth.  The  other  bar  presents  in  the  middle 
part,  for  the  length  of  the  yard,  a  breadth  of  1,1  inch ;  at  the  end  of  that  part 
its  breadth  is  perpendicularly  increased  for  0,8  inch,  so  as  to  present  the 
form  of  a  lying  L,  extending  2,4  inches  farther  outwards,  presenting  a  breadth 
of  1,9  inch  in  that  extended  part. 

7.  The  broader  part  of  the  first  of  these  bars  being  adjusted  exactly  to 
the  length  of  one  yard,  within  the  parts  where  this  breadth  is  perpendicular¬ 
ly  cut  off,  to  the  diminished  breadth  of  1,05  inch,  forms  most  particularly 
the  standard ;  this  part  fits  so  exactly  in  the  narrower  middle  part  of  the 
second  bar,  which  forms  a  matrix  for  it,  that  great  care  is  required,  when 
they  are  brought  together,  to  move  the  bars  exactly  paralled  to  each  other, 
that  the  accurate  fitting  may  not  be  disturbed  by  a  slant  pressing  of  the  part 
forming  the  joints,  which  would  make  it  shake  in  the  fitting. 

8.  The  distance  between  these  two  end-joints,  presented  by  its  lines  of 
contact,  is  the  actual  length  of  the  yard,  as  standard.  The  two  parts  protect¬ 
ing  each  other  by  their  close  fitting,  while  the  outer  parts  of  the  same  bars 
Wve  a  vacant  space  between  them,  in  the  direction  of  the  length,  of  about 
one-tenth  of  an  inch  in  breadth ;  which  is  managed  expressly  to  admit  a 
wedge-formed  piece  of  soft  wood,  by  which  the  yards  are  gradually  separat¬ 
ed,  when  needed. 

,  9.  It  is  evident,  from  the  above  description,  that  this  joint,  formed  by  the 
perpendicular  cuts  of  these  two  bars,  forms  the  most  important,  as  well  as 
the  most  delicate,  part  of  the  standard  ;  and  must,  therefore,  not  be  opened 
and  shut,  without  there  being  an  important  comparison  of  other  measures 
will?  the  standard  to  be  made  by  (what  is  called)  contact. 

When  both  parts  are  united,  this  joint  can  be  brought  under  two 
anicroscopes,  and  thus  may  serve  for  comparing  other  yards  with  it,  by  the 
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-same  method  whiclr  has  been  employed  to  compare  these  very  standards 
with  the  scale  of  82  inches  of  Troughton,  the  mean  yard  of  wliich  has 
been  adopted  as  the  most  accurate  standard  of  the  Bnjjlish  measure  in  this 
country,  and  is  considered  equally  so  in  England.  To  procure  the  proper 
distinct  vision  for  such  a  use,  which  is  not  obtained  by  a  polished  surface, 
the  polish  of  the  yard  is  interrup  ed  at  these  joints  by  a  narrow  stnp,  from 
which  the  polish  is  taken  away  for  about  i-tenth  of  an  inch,  parallel  to  the 
joining  of  the  yard  and  matrix. 

11.  To  facilitate  the  tracing  from  this  standard  yards  for  common  use, 
there  has  been  added,  upon  the  matrix  part,  a  yard  divided  into  tenths  and 
hundredths;  a  right  angle  and  scriber  are  in  the  box,  so  arranged  as  to  fa¬ 
cilitate  the  tracing  of  the  same  divisions  upon  a  piece  of  metal,  or  wood, 
laid  parallel  to  it  in  the  place  destined  for  it  in  the  box. 

12.  Every  application  of  mathematical  principles  to  subjects  of  practical 
natural  philosophy,  furnishes  a  proof,  that  the  physical  means,  whatever, 
and  hov/ever  perfect,  they  may  be,  will  always  leave  a  certain  distance  be¬ 
tween  absolute  mathematical  accuracy  and  the  result  of  our  best  exertions 
and  assiduity.  To  reduce  this  distance  to  its  minimum,  is  the  aim  of  all 
arrangements,  and  the  hardest  task  of  the  operator  in  such  a  work.  Cer¬ 
tain  limits  are,  therefore,  always  accepted,  v/ithin  which  the  exactitude 
must  be  brought;  and  the  variations  within  these  are  to  be  observed,  re¬ 
gistered,  and,  in  any  case  of  application,  accounted  for.  The  limit  within 
which  such  a  latitude  in  the  accuracy  may  be  allowed,  is  every  time  given 
by  tlie  nature  of  the  problem,  and  the  aim  and  application  of  the  physical 
result  of  the  operation. 

13.  In  the  individual  case  of  the  adjustment  of  length  measures,  this 

limit  must  be  brought  within  a  microscopic  quantity,  so  that,  in  all  applica¬ 
tions,  to  even  generally  considered  accurate  lyorks,  no  difference  may  be 
observable  with  the  means  in  application  in  common  life;  therefore,  also, 
the  yards  herewith  presented  are  to  be  considered  in  this  light.  They  are 
all  brought  within  the  limit  of  less  than  t^t  jo  o  j  within 

about  part  of  the  whole,  or  suppose  to  I  yard  in  about  750,000. 

"While  calfculating  upon  the  mean  of  the  results  of  the  ultimate  comparisons, 
the  accuracy  would  be  within  about  one  yard  for  one  million  of  yards.  Of  the 
variations  within  this  limit,  a  regular  register  has  been  made.  To  each  of 
the  yards  will,  therefore,  be  given  a  certificate  or  statement  of  its  individual 
difference  from  the  absolute  accuracy.  By  this  means,  they  will  all  be  ex¬ 
actly  comparable  at  any  time  hereafter,  if  they  are  properly  and  safely  pre¬ 
served,  and  compared  by  means  of  microscopes,  or  similar  pertectionecl 
means.  For  that  purpose,  also,  they  are  numbered,  so  as  to  distinguish 
each  individual  from  the  others.  In  the  ultimate  account  of  all  the  works 
for  the  system  of  standards,  the  full  register  of  the  3mrds  will  contain,  with 
each  number,  the  individual  standing  of  each  yard  in  respect  to  this  minute 
accuracy. 

14.  For  the  proper  manner  of  using  these  standard  yards,  it  will  be 
proper  to  make  again  an  adequate  instruction,  to  be  added  to  each  box,  the 
same  as  has  been  done  for  the  weights ;  which  will  be  joined  here. 

15.  To  add  a  few  words  upon  the  other  part  of  the  works  for  the  cow- 
striiction  of  standards,  I  may  state  here,  that  the  capacity  measures^  for 
liq'iids,  have  passed  a  first  adjustment  and  verification,  by  the  weighing 
with  distilled  water,  at  temperatures  near  the  maximum  density  of  the  wa¬ 
ter  ;  always  reducing  to  that  poitit  of  temperature,  as  required  by  the  proper 


principles.  They  are,  therefore,  in  readiness  to  receive  their  final  adjust¬ 
ment  next  wilder,  when  the  temperature  will  again  be  favorable  for  the 
work  of  final  adjustment. 

16.  The  mechanical  work  of  the  half  bushels  is  very  far  advanced ;  a 
large  number  of  them  being  constructed,  and  the  boxes  for  them  even  made. 
The  weight  of  the  half  bushel,  in  metal  and  in  water,  exceeds  the  capacity 
of  the  balances  consiructed  for  the  standard  weights.  To  obtain  the  great¬ 
est  accuracy  in  weighing,  the  balance,  and  the  weights  for  which  it  shall 
serve,  must  be  in  such  proportion  to  each  other  that  all  the  necessary  strength 
and  stiffness  is  obtained,  with  no  more  weight  of  the  balance  (which  always 
acts  as  a  dead  weight)  than  what  is  required  to  obtain  these  qualities;  for 
it  is  evident  that,  by  otherwise  equal  accuracy  of  workmanship,  the  sensi¬ 
bility  of  the  balance  is  determined  by  the  absolute  weight  of  the  balance  and 
the  weights  together.  I'his  dictates,  for  this  case,  a  balance  of  considera¬ 
ble  strength,  because  it  must  bo  able  to  bear  the  double  weight  of  the  bushel' 
with  its  appurtenances.  Such  an  appropriate  balance  is  now  constructing 
here,  of  a  solid  brass  beam,  and  witii  such  arrangements  as  will  serve  con¬ 
veniently  in  its  special  use. 

17.  After  this  balance  will  be  finished,  it  will  be  proper  to  begin  the  works 
lor  the  bfilances  to  be  made  for  the  Stales,  in  conformity  to  the  joint  resolu¬ 
tion  of  Congress  of  July,  1838. 

I  have  the  honor  to  be,  with  perfect  respect  and  esteem,  sir,  your  obedient , 
servant, 

^  F.  R.  HASSLER. 

Hon.  Levi  Woodbury, 

Secretary  of  (he  Treasury  of  the  United  States. 


Instruction  upon  the  safekeeping  of  the  standards -of  yards^  mid  their  use' 

in  comparisons, 

1.  The  slatidard  shall  never  be  touched  with  the  naked  hand,  warm,  or' 
ill  anyway  damp,  from  perspiration  or  otherwise;  it  is  proper  not  to  suffer 
any  dust  to  collect  upon  it,  which  could  occasion  hard  rubbing  ;  any  dust 
is  to  be  removed,  in  any  case,  by  wings  or  feathers  of  a  wild  bird,  because 
they  will  not  occasion  any  scratches,  like  the  wings  of  fowls,  ducks,  (fe-c., 
would  do. 

2.  It  must  not  be  removed  from  its  place  in  the  box,  except  for  the  most 

important  comparisons  of  metallic  measures. 

3.  To  take  it  out  of  the  box,  if  necessary,  the  following  is  the  best  process  : 

While  tlie  box  is  shut  and  hooked,  turn  it  upside  down  upon  some  table ; 

by  that  means  the  standard  will  come  to  lie  upon  the  velvet  lining  of  the 
cover;  in.  this  position  the  box  is  opeifFd.  and  the  two  parts  of  tlie  standard 
may  be  separated  by  gently  taking  hold  of  the  two  ends,  and,  by  equai  and 
gradual  motion,  apjplying  the  tluioib  to  the  yard  part,  and  the  middle  finger 
to  the  matrix  part,  pressing  them  apart  from  one  another;  or,  also,  by  in¬ 
serting  into  the  space  left  between  the  two  bars  at  those  places,  two  hglu 
pieces  of  soft  wood  at  each  side,  uniformly,  until  entirely  disengaged.  Then 
the  parts  may  be  removed  for  use,  each  separately,  with  proper  care  and 
management ;  both  parts  c^iinoot  be  moved  together,  because  their  pressure 
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ah(]  friction  within  one  another  can  and  shall  not  be  such  as  to  hold  them 
together  sufficiently  for  that  purpose. 

4.  In  putting  the  two  parts  together,  the  same  movements  of  the  two 
parts  parallel  to  one  another,  are  to  be  made  gradually  and  gently,  in  invert¬ 
ed  order  and  effect ;  after  an  entry  of  the  yard  into  the  matrix  is  first  ob¬ 
tained,  by  a  contact  of  less  than  five  hundredths  of  an  inch  at  each  end, 
until  the  two  parts  close  fully  together. 

5.  For  any  common  comparison  of  scales  of  wood,  or  other  materials,  or 
the  division  of  any  such  scale,  the  part  thus  fixing  the  actual  standard  is 
not  to  be  used  ;  therefore  there  is  added  upon  the  matrix  a  scale  divided 
into  hundredth  parts  of  the  yard  ;  this  division  being  habitually,  and  most 
conveniently,  used  in  the  custom-houses. 

6.  To  use  this  division,  to  trace  a  measure  from  it  upon  a  rule,  yard, 
stick,  or  other  similar,  there  is  added  in  the  box  a  right-angle,,  with  a 
handle  over  it,  which  is  placed  by  its  under-projecting  part  in  contact  with 
the  outer  edge  of  the  matrix,  while  the  upper  part,  projecting  in  both  direc¬ 
tions  perpendicularly  over  ii,  is  applied  to  any  of  the  divisions  by  the  edge 
of  the  farther  part,  while  its  nearer  part,  in  continuance  of  the  same  line, 
serves  to  trace  the  corresponding  division  upon  the  bar  to  be  divided ;  for 
that  operation,  the  bar  to  be  divided  is  placed  in  the  near  part  of  the  box 
excavated  for  that  purpose.  In  tliis  place,  or  deepening,  the  scale  to  be 
divided  is  held  fast  by  pressing  it  to  the  inner  side  of  it,  by  means  of  the 
small  wedges  and  the  brass  pins  projecting  from  the  nearest  edge,  and 
pressing  the  bar  inward  from  the  side  nearest  of  the  box  ;  this  inner  parti¬ 
tion  of  the  box  is  parallel  to  the  standard,  when  this  touches  the  near  side 
of  its  location,  forming  the  partition  between  the  two.  In  this  position  the 
division  is  to  be  made. 

7.  The  arrangement  just  described  will  be  found  sufficiently  accurate  for 
common  measures  ;  but  no  beam-compasses  of  any  kind  are  admissible,  in 
no  way  whatever.  For  fully  accurate  copies  of  the  standard,  from  between 
the  butting-pieces,  various  methods  may  be  used,  completely  different,  and 
grounded  upon  various  principles  ;  as,  principally,  by  means  of  microscopes 
and  tracer,  or  by  the  feeling  lever.  The  description  of  these,  in  detail,  would 
be  too  long  here ;  they  belong  more  particularly  to  the  actual  scientific  use 
of  standards,  and  may  therefore  best  be  supplied  by  the  man  of  science 
having  charge  of  the  work.  My  report  of  1832,  upon  the  comparison  of 
standard  weights  and  measures,  may  be  a  guide  in  the  case ;  and  various 
other  works,  well  known  to  professional  men,  will  assist  in  planning  ar¬ 
rangements,  according  to  the  means  and  circumstances  of  a  given  case. 

8.  When  brass  scales  are  to  be  compared  with  the  standard,  or  to  be  made 
from  it,  the  equality  of  the  metal  with’ that  of  the  standard  requires  only 
llie  precaution  to  have  both  standard  and  scale  of  the  same  temperature  ; 
which  is  generally  obtainable  by  laying  them  together  the  evening  before 
the  work,  and  by  the  proper  care  not  to  give  them  unequal  warmth,  by 
touching,  by  draughts  of  air.  or  such  like.  But,  when  different  metals  are 
used,  it  iDecomes  necessary  to  keep  account  of  the  difference  of  expansion  of 
the  metals  employed. 

9.  To  facilitate  the  reductions  of  yards,  of  different  or  the  same  metal, 
for  different  temperatures,  it  may  be  convenient  to  find  here  the  expansion 
for  the  following  metals,  viz  : 


0 
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A  yard  expands,  for  one  degree  of  Farenheit’s  in  temperature,  in  deci¬ 
mals  of  an  inch— 

In  platinum  «  -  -  -  -  ==  0,0001848384 

Iri  brass  -  -  -  ‘  -  -  .  -  =  0,0003732508 

In  iron  0,00025068726 

Which  may  serve  for  the  reduction  to  a  given  temperature,  of  yards,  for 

these  three  metals,  which  are  those  most  habitually  used. 

1 
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